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PHYSIOLOGICAL SELECTION. 

Darwin, and after Darwin. By Dr. G. J. Romanes 

Pp. viii + 181. (London : Longmans, Green, and 

Co., 1897.) 

HIS third volume concludes the series “Darwin, 
and after Darwin” of which G. J. Romanes had 
published the first volume and had planned and mostly 
written the remaining two, at the time of his death. 
This volume, as well as the second, has been prepared 
for the press under the able editorship of Prof. Lloyd 
Morgan, who has performed a difficult task with con¬ 
spicuous success. In a brief preface we are told that 
the first two chapters and the last were in type at the 
time of the author’s death, and remain practically un¬ 
changed ; while the editor is responsible for the selection 
and arrangement of the remaining three. The Appendices 
A and B, bearing upon the controversy with Alfred 
Russel Wallace, “remain in accordance with the 
author’s expressed injunctions.” The frontispiece to the 
volume is a portrait of the Rev. J. T. Gulick, whose most 
interesting researches into the variation of the land- 
shells of the Sandwich Islands led him, independently, 
to a theory closely similar to that of “physiological 
selection.” 

Of all the three volumes of this series, this possesses 
the greatest personal interest ; for it is devoted to the 
exposition and discussion of the evidence for and against 
the much debated hypothesis of physiological selec¬ 
tion, which, although never widely accepted, always re¬ 
mained dear to its creator. The present volume, which 
possesses many advantages over the original account 
of the hypothesis published in the Linnean Society’s 
Journal, will do much to enable biologists clearly to 
grasp the author’s meaning. 

The two first chapters deal with “isolation ” in general, 
a principle which was given a position of the utmost 
importance by the author, who regarded not only his 
own physiological selection, but natural selection itself 
as a special form of isolation. The third, fourth and 
fifth chapters deal with “physiological selection ” and its 
evidences ; the sixth again returns to “ isolation ” as a 
factor in “ organic evolution,” and also contains the 
“general conclusions.” Appendix A contains Mr. 
Gulick’s criticism of Mr. Wallace’s view’s on physio¬ 
logical selection; B, an examination by Mr. Fletcher 
Moulton of a calculation by Mr. Wallace on the same 
subject; C, “ some extracts from the author’s note¬ 
book.” 

In the discussion of isolation the author first distin¬ 
guishes between indiscriminate isolation such as would 
be produced by some sudden geographical change separ¬ 
ating the individuals of a species into two detachments, 
and discriminate isolation such as would be caused by a 
part of the species seeking some new area, or some dif¬ 
ferent habitat on the same area. While Mr. Gulick 
recognised this distinction under the terms “separate 
breeding ” and “ segregate breeding,” the author suggests 
“apogamy” and “homogamy.” He says, moreover, 
“ with the exception of Mr. Gulick, I cannot find that any 
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other writer has hitherto stated this supremely important 
distinction between isolation as discriminate and indis¬ 
criminate.” But the classes of facts to which he alludes 
are distinguished by every writer and thinker on evolu¬ 
tion : the only difference being that the author is peculiar 
in making isolation the basis of his classification. Other 
writers have used the term “ isolation ” for the cases in 
which separation is the primary and essential factor, 
viz. for “indiscriminate isolation” only ; “discriminate 
isolation ” they have classified as “ natural selection ” or 
as “ Lamarckian evolution,” as the case may be, the 
separation being regarded as a secondary result. 

The whole discussion of isolation in the exalted posi¬ 
tion in which it is placed by the author (“the whole 
theory of organic evolution becomes neither more nor 
less than ... a theory of the causes which lead to dis¬ 
criminate isolation,” p. 6) is interesting and suggestive, 
and a large part of it convincing. It is also for the most 
part clear and lucid in treatment, although sentences 
occur which seem unnecessarily to demand the strained 
attention of the reader. Thus after arguing that diversi¬ 
fication of character is promoted but never originated by 
natural selection, the author concludes, in the following 
complicated passage : 

“Therefore the change must in all cases have been 
due, in the first instance, to some other form of isolation 
than the superadded form which afterwards arose from 
superior fitness in the possession of superior benefit— 
although, so long as the prior form of isolation endured, 
or continued to furnish the necessary condition to the 
co-operation of the survival of the fittest, survival of the 
fittest would have continued to increase the divergence 
of character in as many ramifying lines as there were 
thus given to its action separate cases of isolation by 
other means ” (p. 32). 

The ideas sought to be conveyed in this quotation are 
not difficult of comprehension, but the form is such that 
they become intelligible only with effort. 

Physiological selection is defined by the author at the 
opening of the third chapter as “that form of isolation 
which arises in consequence of mutual infertility between 
the members of any group of organisms and those of 
all other similarly isolated groups occupying simul¬ 
taneously the same area.” The two great difficulties in 
the way of natural selection as a sufficient explanation 
of the origin of species are held to be the difference 
between domesticated varieties and natural species in 
respect to cross fertility, and “ the fact that natural 
selection cannot possibly give rise to polytypic as dis¬ 
tinguished from monotypic evolution.” The former diffi¬ 
culty has long been felt, and it was the great logical flaw 
which always prevented Huxley from declaring his 
entire conviction in the soundness of the theory. The 
author is certainly right in claiming for physiological 
selection that it would tend towards the removal of this 
difficulty. As to the second difficulty the majority of 
Darwinians will not be convinced by the author’s reasons 
for thus limiting the power and scope of natural selection. 

The conception of physiological selection—the idea 
that the differentiation of species begins with infertility 
instead of ending with it—is here shown to have arisen 
independently in many minds, having been first mentioned 
by Belt (1874), then by Catchpool (1884), Romanes 
(1886), and Gulick (1887). 
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To the present writer it has always appeared that the 
suggestion is an extremely interesting and ingenious one, 
the chief objection being the immense difficulty in 
proving that it actually exists or has ever existed as an 
operative principle. If it exists, then much that is 
claimed for it would follow. We know that geographical 
isolation is followed by differentiation, and many evo¬ 
lutionists are prepared to admit that some of the minor 
differences thus produced may be independent of natural 
selection. Most naturalists would probably be inclined 
thus to explain the differences between the land-shells 
of adjacent valleys in the Sandwich Islands as described 
by Gulick. Those who believe in physiological selection 
consider that what is here brought about through the 
prevention of interbreeding by geographical barriers, is 
produced on continuously peopled areas by the physio¬ 
logical barrier of infertility. 

This conclusion is capable of being tested to a certain 
extent by an investigation of the degree of infertility 
between species which are known to have been produced 
in the former manner and those (of approximately equal 
differentiation) which are believed to have been produced 
in the latter. Apart from its application to the present 
controversy such an inquiry would be of great interest 
in itself. 

The results of such an investigation would be far 
more convincing than the elaborate and often very 
ingenious arguments of the writer, many of which are 
capable of an immediate and satisfactory answer. For 
instance on pp. 48, 49, he asks how it is that the repro¬ 
ductive system is always affected “in the same peculiar 
way,” viz. so as to produce mutual sterility, between dif¬ 
ferent species of all kinds, animal and vegetable, separated 
by morphological differences of infinite variety. It is 
evident that he regards this question as unanswerable 
except on the view that the infertility is the invariable 
precursor and condition of the differentiation. But the 
facts can readily be explained otherwise. Mutual fertility 
depends upon the exact relotionship of two extraordinarily 
complex bodies, the germ-cells of male and female; it 
depends upon a reciprocal adjustment of almost infinite 
precision. Single individual variations receding from the 
necessary precision continually arise, but are infallibly 
exterminated. Such variations are not to be looked upon 
as due to a single and uniform change in the complex 
material of the germ-substance. The opposite point of 
view is the truer : mutual fertility is due to a single and 
uniform constitution rigidly kept within the narrowest 
limits, while a minute change of constitution in any 
direction means infertility. Mutual infertility is, in fact, 
but the single external indication of numberless changes 
of constitution. The necessary precision of adjustment 
of the male to the female germ-substance is only kept 
up in the species by unremitting selection, and there is 
no cause for surprise that it should cease when selection 
is no longer forthcoming for its support. These consider¬ 
ations seem at first sight to indicate that mutual fertility 
between domestic breeds is a matter for greater wonder 
than the infertility between natural species. We cease 
to wonder, however, when we reflect upon the length of 
time which must have elapsed since the separation of 
natural species such as the horse and ass, which are 
nevertheless fertile when crossed, although their hybrid 
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progeny is sterile. Since this is the case the mutual 
fertility of our modern domestic races, so far as it has 
been proved to exist, is only what we should have been 
led to expect. In this relationship the present writer has 
often considered that further experiments upon these 
latter would be of great value, especially in the case of 
races in which the morphological differences have been 
carried to a very high degree—so much so, indeed, that 
artificial fertilisation would probably be necessary. 

The argument which has been met in the last para¬ 
graph is evidently one on which the greatest stress is 
laid. Thus we again read on p. 51 of “ this one peculiarity 
of the reproductive system,” viz. mutual infertility ; and 
on pp. 52, 53, it is made a chief support for the hypothesis 
of physiological selection, a good brief account of which 
will here be found. Throughout the whole work we 
meet with the same insistence on “ this constant primary 
distinction,” “the same peculiar change,” &c-, as one 
main foundation for the hypothesis. 

If space had permitted, many other interesting points 
raised in this volume might have been discussed. It is 
of great service to the student of evolution that the 
hypothesis of physiological selecti on, the arguments for 
it and evidence which supports it, should have been 
brought forward in so readable a form. The work is 
printed in pleasant type, and has been so carefully seen 
through the press, that there are practically no printer’s 
mistakes. E. B. P. 


THE THEORY OF GROUPS. 

Theory of Groups of Finite Order. By W. Burnside, 
M.A., F.R.S. Pp. xvi 4- 388. (Cambridge University 
Press, 1897.) 

HE theory of groups of finite order is one to which 
in very recent times the attention of mathemati¬ 
cians has again and again been directed. Until a little 
time ago any one who wished to become acquainted with 
the elements of the theory would have been referred to 
J. Serret's “Algebra,” to C. Jordan’s comprehensive 
“Traile des substitutions,” and to E. Netto’s intro¬ 
ductory work on the same subject. No one who takes, 
account of the time at which it was written will wish to- 
depreciate the merits of the first of these, but the 
chapters dealing with groups consist of a series of ex¬ 
tracts reproduced from the original memoirs of the 
masters to whom we owe this branch of mathematics : 
these extracts are chosen with all the knowledge of an, 
expert as to what should be chosen, but are not worked, 
up. C. Jordan brings together an overpowering wealth 
of material, which for the most part has its origin in his 
own researches ; but there can scarcely ever have been 
any one who would be in a position to work through the 
treatise from beginning to end ; or who could without 
guidance from some other source separate the funda¬ 
mental portions from the mass of detail. Lastly, 
Netto’s book on substitutions is now fifteen years old; 
it still forms a useful introduction to the subject, but it 
goes no further than that. 

The most modern treatises on algebra mete out vary¬ 
ing treatment to the theory of groups. Netto leaves it 
on one side altogether ; Drach makes the interesting ex¬ 
periment of attempting to build up the elements of 
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